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Mapping the Gene for Aroma in Rice (Oryza sativa L.) by 
 Bulk Segregant Analysis via RAPD Markers 
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ABSTRACT 
The sensory qualities of food such as aroma, taste, and texture are the most important 
criteria for distinguishing Basmati type rices from non-Basmati types. To map the gene(s) 
controlling aroma, bulked segregant analysis (BSA) using Random Amplified 
Polymorphic DNA (RAPD) markers was applied in an F2/F3 population of Basmati 370 
(aromatic) and IR36 (non-aromatic). DNA samples from homozygous aromatic and 
homozygous non-aromatic plants identified on the basis of progeny tests were bulked and 
used for BSA. A total of 550 random primers were used and the primers, AG8 and AN1, 
produced polymorphism between aromatic and non-aromatic types. Association of AG8-
AR, AN1-AR1, and AN1-AR2 with a gene for aroma was determined by surveying F2 
individuals. The three RAPD markers AG8-AR, AN1-AR1, and AN1-AR2 were found to 
be linked to the gene for aroma with a distance of 6.9, 8.9 and 16.4 cM, respectively. 
Southern analysis with AG8-AR as a probe with 125 F2 individuals confirmed linkage 
between AG8-AR and the gene for aroma. AG8-AR was mapped on chromosome 8 
flanked by two tightly linked markers, RZ617 and RG978, at 2.1 and 1.7 cM distances, 
respectively, indicating that this gene in Basmati 370 is located on chromosome 8.  
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INTRODUCTION  
Aromatic rices command a special price in 
national and international markets. Basmati 
370, one of the donors for aroma, is being 
used in breeding programs worldwide. It is 
characterized by its tall stature, droopy 
leaves, intermediate amylose content and 
intermediate gelatinization temperature. It 
also boasts a soft gel consistency, slender 
and translucent grains, and good grain 
elongation ability. However, Basmati 370 
has a low yield potential.  
Breeding aromatic varieties with high yield 
potential is one of the major breeding 
objectives in many rice improvement 
programs. The lack of desirable 
recombinants from crosses involving 
modern semidwarf varieties and Basmati 
varieties is one of the major barriers to 
developing aromatic rice with a high yield 
potential.  
Although the inheritance of aroma has been 
studied extensively, the results are 
inconsistent. Some studies reported a single 
recessive gene for aroma (Sood and Siddiq, 
1978; Berner and Hoff, 1986; Huang and 
Zou, 1992; Dong et al., 1992; Ali et al., 
1993). Pinson (1994) reported that aroma is 
controlled by a single recessive gene in 
Jasmine 85 and p1467917 and by two genes 
in Amber and Dragon Eyeball. Digenic 
segregation for aroma were also reported by 
Lin (1991). A single recessive gene for 
aroma in Lemont was mapped on 
chromosome 8 through Restriction Fragment 
Length Polymorphism (RFLP) analysis 
(Ahn et al., 1992).   
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RFLP markers are most commonly used in 
genetic map construction and gene mapping. 
In rice, several agronomical important genes 
have been mapped using RFLP markers (see 
Hittalmani et al., 1995 for a review). The 
development of RAPD analysis (Williams et 
al., 1990) speeds up the process of gene 
mapping. The analysis is based on the 
amplification of genomic DNA with random 
decamer using polymerase chain reaction 
(PCR). The RAPD technique has been used 
to construct genetic maps of plant species 
(Reiter et al., 1992).  
Combining RAPD analysis with bulked 
segregant analysis (BSA), Michelmore et al. 
(1991) demonstrated the possibility of 
identifying markers linked to specific gene 
or genomic region. The RAPD technique has 
been used to map genes for resistance to 
bacterial blight in rice (Zhang et al., 1994). 
Here, we report the RAPD mapping of a 
gene for aroma via BSA in the cross 
Basmati 370/IR36.  
MATERIALS AND METHODS  
Population Development  
Basmati 370, an aromatic variety (as 
female parent), has been crossed with IR36, 
an improved high-yielding non-aromatic 
variety, in 1995 at the International Rice 
Research Institute (IRRI). The F1 was grown 
and selfed to produce an F2 population. F2 
plants and their progeny, F3 families, were 
used for linkage mapping. Linkage analysis 
was performed using an RAPD marker via 
BSA and the RAPD markers linked to the 
gene for aroma were analyzed with the 
MAPMAKER computer program (Lander et 
al., 1987).  
Aroma Evaluation  
Aroma was evaluated according to the 
method suggested by Sood and Siddiq 
(1978). Seeds from 125 F2 plants (F3 seeds ) 
were dehulled using a Satake dehuller and 
milled with test tube miller for one hour. 
Rice kernels were then individually ground 
for 10 seconds at a medium speed using a 
Wig-L-Bug grinder. Rice powder from each 
grain was placed in a 5-x-5-cm plastic box 
and 500 µI of 1.70 % KOH was added. The 
boxes were kept at room temperature (25°C). 
After 30 minutes, each box was opened and 
the degree of aroma was evaluated by 
sniffing and was scored using the following 
scale: 1= non-aromatic; 2= slightly aromatic; 
3= moderately aromatic; and 4= strongly 
aromatic. Initially, 10 grains per F3 family 
were analyzed. Genotypes of corresponding 
F2 plants were determined to be homozygous 
for aromatic when all 10 seeds were 
moderately or strongly aromatic, or 
homozygous non-aromatic when all 10 seeds 
were non-aromatic. To confirm the 
homozygosity, an additional 30 seeds from 
the homozygous families were analyzed. To 
examine the distribution, the aromatic values 
of all 10 grains were summed up and 
plotted.  
DNA Manipulation 
DNA from 125 F2 plants as well as from 
Basmati 370 and IR36; along with another 
mapping population, including 135 doubled 
haploid lines and their parents Azucena 
/IR64, were extracted from fresh leaf tissues 
according to Dellaporta et al. (1984). A 
portion of the genomic DNA was diluted for 
BSA using RAPD markers, and other 
portions of the genomic DNA of Basmati 
370 and IR36 along with Azucena and IR64 
were digested with 19 restriction enzymes 
(EcoRI, EcoRV, ScaI, XhoI, DraI, ApaI, 
BglII, XbaI, BamHI, RsaI, HaeIII, MspI, 
BstE, SmaI, AatI, HindIII, HinFI, AluI and 
TaqI). The digested DNA was then 
subjected to electrophoresis on 0.9% agarose 
gels and transferred to Hybond N+ 
membrane according to the manufacturer’s 
instructions. Further analysis was done using 
the Southern blotting technique (Ausubel et 
al., 1993).  
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Bulked Segregant Analysis  
The genetic nature of any F2 single plant 
was determined through the phenotyping 
aroma analysis of F3 single plant (allelism 
test). Then the same quantity of DNA was 
bulked from every eight homozygous 
aromatic the same as from eight 
homozygous non-aromatic F2 plants. The 
two bulk samples were used as templates for 
RAPD analysis along with DNA from 
Basmati 370 and IR36.  
Genetic Markers 
The genetic markers used for surveying of 
the parental lines were 550 RAPD primers 
(ten-base oligonucleotide primers purchased 
from Operon technologies, Alameda, 
California, USA). The reaction conditions, 
were as follows: 2.5ml dNTP 1 mM, 1.5 unit 
Taq DNA polymerase, 1.5 ml primer 10 
mM, 2.5 mM PCR buffer 10X, 3.2 ml Mgcl2 
15 mM and 3 ml DNA template (50 ng) 
including 10.8 ml pure water, as described 
by Williams et al. (1990). The PCR profile 
amplification was done according to the 
following method: 
Starting with 94°C for 2 minutes, then 45 
cycles run continuously for 1 minute at 92°C 
(denaturation), 1 minute at 34°C (annealing) 
and 2 minutes at 72°C (extension). 
Localization of Linked Markers on the 
Rice Chromosome  
A linkage between RAPD markers and the 
aroma gene was determined through bulk 
segregant analysis (BSA) in the F2 and F3 
populations then the chromosomal location 
of these linked markers was determined on a 
mapping population consisting of DH lines 
generated from a cross between Azucena 
and IR64 through anther culture (Huang et 
al. 1994). A polymorphism survey of the 
parental lines, Azucena and IR64, was 
carried out with the RAPD markers isolated 
from agarose gel. For southern blotting the 
membranes were hybridized with amplified 
RAPD product (polymorphic band) that had 
been 32P-labeled by the random hexamer 
method (Feinberg and Vogelstein, 1984).  
RESULTS AND DISCUSSION  
Genetic Analysis of Aroma 
The result of F3 aroma analysis indicated 
that the minimum aromatic value for a 
family is 10 which is the same as IR36 while 
the maximum is 40 as for Basmati 370 .The 
aromatic values were plotted and the result 
 
Figure 1. Distribution of aromatic values of each F3 family in a population derived from 
Basmati 370 and IR36. See text for the measurement of aromatic values for each family. 
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did not indicate any clear-cut single gene 
segregation (Figure 1).  
Bulked Segregant Analysis  
The RAPD patterns were obtained using 
DNA from Basmati 375(B), IR36(I), 
homozygous aromatic bulk (Hba) and 
homozygous non-aromatic bulk (Hbna). 
More than 90% could amplify the template 
DNA out of 550 RAPD primers used (Figure 
2). An average of eight bands for each 
primer was scored, of which two were 
polymorphic between Basmati 370 and 
IR36. Most of the polymorphic RAPD bands 
in the parents were also reproduced in both 
the aromatic and non-aromatic bulk or at 
 
Figure 2. RAPD products generated by primers AG6, AG7, and AG8 among Basmati 370 
(P1), IR36 (I), homozygous bulk aromatic (Hba), and homozygous bluk non-aromatic 
(Hbna). Putative linked marker (AG8 - AR) was revealed by RAPD marker, AG8. M= 
Molecular weight marker. The primer sequence of AG8 is GGTGGCCAAG, AG7 is 
CACAGACCTG, and AG8 is AAGAGCCCTC. 
 
Figure 3. Polymorphism revealed by RAPD markers (AN1-AR and AN1-AR2) for 
IR36 (P1), Basmati370, homozygous bulk of aroma (Hba) and homozygous bulk 
of non aroma (Hbna). M= Molecular marker (kb ladder BRL). 
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least in one bulk. Only two primers, AG8 
and AN1, showed polymorphism between 
basmati / homozygous aromatic bulk and 
IR36/ homozygous non-aromatic bulk. An 
800-bp band from primer AG8 was 
amplified from DNA of Basmati 370 and 
homozygous aromatic bulk (Figure 2), and 
two 1200-and 900-bp bands from AN1 were 
amplified only from IR36 and homozygous 
nonaromatic bulk (Figure 3). Linkage 
analysis between AG8-AR, AN1-AR1, 
AN1-AR2 and the gene for aroma was done 
using the segregating F2 population and a 
linkage map was generated (Figure 4). The 
RAPD markers flanked the gene for aroma 
with less than 10 cM. 
Locating the RAPD Marker AG8-AR on 
the Rice Chromosome  
The marker AG8-AR (RAPD band) was 
isolated from agarose gel and reamplified by 
the AG8 RAPD primer. To identify a probe-
enzyme combination revealing 
polymorphism between Basmati 370 and 
IR36, extracted DNA was digested with a 
set of 19 restriction enzymes. The PCR 
product was labeled with 32P and used as a 
probe for parental survey. The marker AG8-
AR showed polymorphism between Basmati 
370 and IR36 only, when digested with the 
TaqI restriction enzyme, while it showed  
polymorphism between the parents of the 
DH (double haploid) mapping population 
(IR64/Azucena). AN1-AR1 and AN1-AR2 
RAPD markers did not show any 
polymorphism between parents in spite of 
the 19 restriction enzymes used, so the 
further analysis of AN1-AR1 and AN1-AR2 
was not continued. 
AG8-AR was mapped on a dihaploid 
mapping population (135 lines) of 
IR64/Azucena, available at IRRI (Huang et  
al., 1994). The genomic DNA of dihaploid 
lines were digested with a TaqI restriction 
enzyme and Southern blot analysis was done 
using AG8-AR (RAPD reamplified band). 
The autoradiogram from hybridization of 
AG8-AR with genomic DNA of the 
dihaploid line showed 43 homozygous lines 
with Azucena allele (lower band) and 88 
homozygous individuals with IR64 allele 
(upper band) (Figure 5).  
The data of AG8-AR were integrated with 
the existing RFLP data set of DH population 
 
Figure 4. Linkage analysis of aroma in a cross between Basmati370 (P1), IR36 (P2) and (F2) 
using AG8-AR via the PCR technique. M= Molecular weight marker (Kb ladder, BRL). Lanes 
1-8 =F2 homozygouse aromatic plants and 9-13 = F2 homozygouse non-aromatic plants.     
 
 _______________________________________________________ Nematzadeh, Huang and Khush 
134 
and analyzed using MAPMAKER software. 
The location of AG8-AR was determined on 
the basis of its linkage with RFLP markers 
on the linkage map.  
Results indicate that the marker (AG8-AR) 
is located on chromosome 8. RFLP markers 
RZ617 and RG978 on chromosome 8 were 
found to be 2.1 and 1.7 cM away from AG8-
AR (Figure 6A and B). The gene for aroma 
is therefore located on chromosome 8 near 
RZ617 and RG978.  
There is a wide range of rice varieties in 
the world. The lifestyles of rice consumers 
and rice cooking methods are also different. 
Aroma, taste, and texture are the three 
principal sensory characteristics that 
determine the quality of cooked rice. Of 
these, aroma is the most important.   
Various techniques have been used to 
evaluate rice aroma to study its inheritance. 
However, there is no consensus about the 
mode of inheritance of aroma. A large 
      P1 P2m                                                           1 to 33 
 
Figure 5. Segregation pattern of double haploid lines (DHlS) in IR64 (I) /Azucena 
(A) cross (Huang et al., 1994), using RAPD marker (AG8-AR) via Southern 
analysis when digested with TaqI. M= molecular weight marker (λ/Hindlll). Lower 
band indicates Azucena allele and upper band indicates IR64 allele. 
 
Figure 6. A. Genetic map of the aroma gene and its linked RAPD markers. Numbers are 
genetic distances between loci in cM. B. Chromosomal localization of the RAPD marker, 
AG8-AR, linked to the aroma gene. The localization is based on the doubled haploid 
mapping population (Huang et al. 1994). Genetic distances between marker loci in cM are 
given on the left.  
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amount of samples (at least up to 3 g) is 
required to quantify the volatile compounds 
that are responsible for aroma (Uraiwan et 
al. 1991). Such a large sample cannot be 
obtained from single grains of  F2, F3 or BC 
populations. Thus, it is necessary to study 
recombinant inbred lines or DH lines.  
This study was carried out to map the gene 
for aroma in an aromatic rice variety, 
Basmati 370, using RAPD markers via BSA. 
Among the various molecular markers, 
RAPD markers are among the suitable DNA 
markers that can be applied for various 
purposes in biological research. BSA as a 
rapid and alternative technique to RFLP can 
easily be utilized for identifying markers 
linked to a specific gene. We report here an 
amplified RAPD product, 800 bp, which 
was generated by AG8 RAPD primer, 
closely linked to the gene for aroma (Figure 
6A). This RAPD marker was mapped on 
chromosome 8 between two tightly flanking 
RFLP markers, RZ617 and RG978 (Figure 
6B). Another gene for aroma, fgr, was 
mapped on chromosome 8 using a different 
population involving the aromatic variety, 
Lemont, via RFLP analysis (Ahn et al., 
1992). It has been linked to RG28. The 
aromatic allele of Lemont was derived from 
Della. An allelic test is being carried out to 
see if the gene for aroma from Basmati is 
different from the gene from Della.  
Loriex et al. (1996) confirmed the close 
linkage between RG28 and aroma (5.8 cM), 
and concluded that a single recessive gene 
was responsible for the production of 
aromatic plants. The same result (single 
recessive gene controlling aroma) was 
obtained in this research with different 
aromatic varieties in the same chromosome 
number, but at different locations. Given 
that RZ617 and RG978 were linked with a 
2.1 and 1.7 cM distance to the AG8-Ar 
RAPD marker and also this marker is linked 
with 6.9 cM distance to the aroma gene, 
thereby these markers are suitable for 
different genotypes of aroma and the large 
numbers of aromatic and non aromatic 
varieties identified. These markers will be 
highly useful in the Iranian rice breeding 
program as well as rice breeding programs 
in general.   
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جنرب رد معط و رطع نژ هشقن ينيعت(Oryz  sativa L.) قيرط زا
(BSA) کيکفت لاح رد هدوت هيزتج ياهرآرام زا هدافتسا اب 
RAPD
قع . تمعن . ،هداز ن ج و گناه . ص . شوخ . 
هديكچ
زا رـطعم يرـغ ياـه جنرـب اب هسياقم رد رطعم ياه جنرب
دنتسه رادروخرب يترشيب تيهما .ا اذـغ كاروخ تيفيآهـلجم ز 
صيخـشت رد مـهم ياهرايعم زا نآ تفاب و هزم ،معط و رطع
دنشاب يم يتاسمابيرغ و يتاسماب ماقرا .نژ هشقن ينيعت يارب
ياه)  (هـيزتج قـيرط زا جنرـب رد مـعط و رطع هدننآ لترنآ
هدوتكيكفت لاح رد (BSA) F 2وF3ياـهرآرام قيرط زا RAPD 
ديدرگ هدافتسا .اهايگ ،يللآ نومزآ كمآ هبرـطعم صلاخ ن 
زا و هدـش يئاـسانش رگيدـكي زا رـطعميرغ صلاخ ناهايگ و
كـيفروم يـلپ ياـهرآرام ينيـعت يارـب انهآ كلاب اي هدوت
ديدرگ هدافتسا .عوممج زا550 رـيمارپ RAPD  هدـش نوـمزآ 
